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CASTING APPARATUS AND METHOD THEREFOR 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a casting apparatus for manufacturing a metal 
such as a polycrystalline silicon ingot and casting method therefore. 

Description of Related Art 

It is usual to blow an inert gas so as to surround a die by an inert atmosphere for 
casting a raw material such as silicon (Si) or a high-melting-point-metal which tends to be 
oxidized when cast in a die under an ordinary atmosphere condition. In particular, it is 
common to blow an argon (Ar) gas to a surface of a molten silicon when a polycrystalline 
silicon ingot which is used for a solar cell and the like is casted. 

Thus, by supplying the Ar gas, a silicon oxide (SiO) gas which is generated in the 
molten metal is removed and a carbon monoxide (CO) gas which is generated when the 
SiO gas reacts with carbon (C) which is contained in the furnace is prevented from being 
contained in a molten metal. In particular, it is commonly known that quite an amount of 
a carbon is contained in the ingot when the CO gas is contained in the molten metal; thus, 
the product is affected unfavorably. 

In a document such as a Japanese Unexamined Patent Application, First 
Publication No. 2000-158096, it is disclosed that a section for supplying an Ar gas is 
disposed and a lid is disposed above the die so as to prevent a carbon from being 
contained in the ingot by restricting a CO gas in the molten metal conventionally. 

However, the above conventional casting method has following problems. That 
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is, there is a problem in that a raw raw material which is used in the casting operation is 
limited when the raw material is poured in the die if a lid is disposed above the die. Also, 
there is a concern that a molten silicon on the surface of the raw material melted while the 
raw material is melted is splashed and adheres to the lid; thus, an impurity is contained in 
the molten silicon. Furthermore, a push-out effect of an Ar gas becomes reduced when 
Ar gas is reduced so as to avoid a splash of molten metal which occurs when the molten 
metal is nearly solidified and little molten metal remains in the die. In contrast, there is a 
concern that the lid moves from a predetermined position because of a pressure of the gas 
when a greater amount of gas is blown. 

SUMMARY OF THE INVENTION 
The present invention was made inconsideration of the above problems. An 
object of the present invention is to provide a casting apparatus which can supply a 
sufficient amount of material while preventing impurities from being contained in the die 
and a method therefor. 

The present invention is realized according to following structure. That is, a 
casting apparatus of the present invention is characterized in comprising a die which has 
an opening amount above the die so as to pour a molten metal therefrom, a heater which is 
disposed above the die, a gas supplying section which supplies an inert gas to a surface of 
the molten metal, and a lid which is disposed between the surface of the molten liquid and 
the heater, and a lid moving structure which moves the lid relatively to the die and controls 
an opening amount of the lid above the die. 

The casting apparatus is provided with a lid moving structure which moves the 
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lid relatively to the die and controls an opening amount of the lid above the die. 



Therefore, it is possible to supply a sufficient amount of raw material by moving the lid 
above the die sufficiently Also, it is possible to control the opening amount by moving 
the lid according to necessity in other casting operations; thus, it is possible to deal with 
various casting conditions under a favorable casting condition. 

Also, in the casting apparatus according to the present invention, a method is 
employed by which the lid moving structure adjusts the opening amount according to a 
flow amount of the inert gas. 

Also, it is characterized in that a casting method according to the present 
invention comprises the steps for pouring a molten metal from an opening amount which 
is disposed above the die, supplying an inert gas to a surface of a molten metal, controlling 
a heating operation by a heater by adjusting a disposition of the lid which is disposed 
above a surface of the molten metal so as to solidify the molten metal. In this aspect of 
the present invention, it is characterized in that the opening amount of the lid above the die 
is controlled by moving the lid relatively to the die according to a flow amount of the inert 
gas. 

That is, according to a casting apparatus and a method therefor, an opening 
amount is adjusted according to a flow amount of an inert gas; therefore, it is possible to 
control a flowing speed of a gas which is exhausted from between the die and the lid at a 
predetermined speed, for example, by adjusting the opening amount such that the wider 
opening amount is, the more inert gas is supplied on a surface of the molten metal. Thus, 
it is possible to maintain an effect for preventing impurities contamination in the molten 
metal regardless of the flow amount of the inert gas. 

Also, in the casting apparatus according to the present invention, it is 
characterized in that the lid moving structure has a section for moving the lid vertically, 



horizontally, or rotatively to the die. That is, the lid moving structure of the present 
invention has a section for moving the lid vertically, horizontally, or rotatively to the die. 
Therefore, it is possible to control the opening amount by a simple structure and 
movement. 

Also, in the casting apparatus according to the present invention, it is preferable 
that the molten metal is a molten silicon, and at least a bottom surface of the lid is coated 
by an non-reactive material with a silicon oxide gas or a silicide. That is, in the present 
casting apparatus, the molten metal is a molten silicon, and at least a bottom surface of the 
lid is coated by an non-reactive material with a silicon oxide gas or a silicide like a silicon 
carbide (SiC); therefore, it is possible to prevent the impurities contaminations from the 
bottom surface of the lid comparing with that the bottom surface of the lid is made of a 
carbon when a polycrystalline silicon carbide by solidifying the molten metal is 
manufactured. It is preferable if at least the bottom surface of the lid is made of an 
non-reactive material with a silicon oxide gas or a silicide. More importantly, it is 
acceptable if an overall lid is formed by an non-reactive material with a silicon oxide gas 
or a silicide. 

According to the present invention, it is possible to realize following effects. 
That is, the casting apparatus is provided with a lid moving structure which moves the lid 
relatively to the die and controls an opening amount of the lid above the die. Therefore, 
it is possible to supply a sufficient amount of raw material by moving the lid above the die 
sufficiently and controlling the opening amount. Also, it is possible to control the 
opening amount desirably; thus, it is possible to deal with various casting conditions under 
a favorable casting condition. Therefore, it is possible to increase a production amount 
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of an ingot per one casting operation and prevent the impurities contaminations in the 
molten metal effectively. Therefore, it is possible to obtain a high quality ingot 
efficiently. 

Also, according to the casting apparatus and a method therefor, the opening 
amount is controlled according to a flow amount of the inert gas. Therefore, it is 
possible to control a flowing speed of gas at a predetermined speed. Also, it is possible 
to maintain an effect for preventing an impurities contamination in the molten metal 
regardless of the flow amount of the inert gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross section of a casting apparatus in a first embodiment of the 

casting apparatus and a method therefor according to the present invention. 

FIG 2 is a plan view which is viewed from a near side to the die in a first 

embodiment of the casting apparatus and a method therefor according to the present 

invention. 

FIGS. 3 A and 3B are cross sections for explaining the position of the lid when a 
raw material is poured in the die and the raw material is molten in a first embodiment of 
the casting apparatus and a method therefor according to the present invention. 

FIG. 4 is a graph for showing factors such as a die temperature, a flow amount of 
Ar, and opening amount in each manufacturing process in the casting operation in a first 
embodiment of the casting apparatus and a method therefor according to the present 
invention. 

FIG. 5 is a cross section for showing an important part of the casting apparatus in 
a second embodiment of the casting apparatus and a method therefor according to the 
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present invention. 

FIGS. 6A and 6B are plan views which are viewed from a near side to the die in a 
third embodiment of the casting apparatus and a method therefor according to the present 
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invention. 

FIG. 7 is a cross section for showing an important part of the casting apparatus in 
a fourth embodiment of the casting apparatus and a method therefor according to the 
present invention. 

FIGS. 8A to 8C are plan views which are viewed from a near side to the die in 
the fourth embodiment of the casting apparatus and a method therefor according to the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
A first embodiment of the casting apparatus and a method therefor according to 
the present invention are explained as follows with reference to FIGS. 1 to 4. 

A casting apparatus 1 according to the present embodiment produces a 
polycrystalline silicon ingot which used for a solar cell. As shown in FIG. 1, the casting 
apparatus 1 comprises a die 2 which has an opening section through which a molten metal 
7 is poured, an upper heater 3 which is disposed above the die 2, a lower heater 4 which is 
disposed beneath the die 2, a gas tube 5 which supplies an inert gas 8 to a surface of the 
molten metal 7, and a lid 6 which is between the surface of the molten metal 7 and the 
upper heater 3. These members are surrounded by a ceiling section 10, a bottom section 
11, and a side wall section 12 which are made of a thermal insulating material. Also, 
these members are insulated from an outer atmosphere by a chamber 17. Furthermore, 
the casting apparatus 1 is provided with a lid moving structure M for controlling the 



opening amount above the die 2 by moving the lid 6 relatively to the die 2. 

The die 2 is formed so as to have a bottom and a cylindrical structure. As 
shown in FIG. 2, the die 2 is formed in, for example, an approximate square shape when 
viewed in a plan view. Also, an upper edge section 2a having a rectanglar plan view is 
formed in the opening amount. A molten metal 7 such as a molten silicon is contained in 
the die 2. 

The upper heater 3 and the lower heater 4 are supported by an electrode bar 15. 
Also, a cooling plate 13 is disposed on an upper end of a supporting section 9 which is 
disposed through a through hole 4a. Also, a die 2 is mounted on an upper surface of the 
cooling plate 13. 

A gas tube 5 which is made of molybdenum or carbon is supported so as to be 
freely moved vertically such that the gas tube 5 is disposed through a chamber 17. Also, 
the gas tube 5 is disposed so as to extend from the chamber 17 downwardly. Also, the 
gas tube 5 is inserted in a through hole 3a which is formed near a center of the upper 
heater 3. The gas tube 5 is connected to a gas supplying section G which supplies the 
inert gas 8 such as Ar gas. By doing this, the inert gas 8 which is supplied from the gas 
supplying section G is blown on a surface of the molten metal 7. That is, the gas tube 5 
and the gas supplying section G forms a gas supplying structure. The gas supplying 
section G has a structure for controlling a flow amount of the inert gas 8 in each process in 
the casting method. 
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A lid 6 which is made of a silicon carbide (SiC) is fixed near a lower edge section 
5a of the gas tube 5 so as to cover the opening amount of the die 2. The lid 6 is disposed 

so as to be separated from a surface of the molten metal 7. Here, the lid 6 is made of a 
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carbon; therefore, it is possible to prevent the impurities contamination from a bottom 
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surface of the lid 6 more effectively when a polycrystalline silicon ingot is obtained by 
solidifying the molten metal 7 comparing with that the lid 6 is made of a carbon. 

Also, a lid moving structure M is made by, for example, a motor and the like. 
The lid moving structure M is connected to an upper section of the gas tube 5 so as to 
move the lid 6 vertically via the gas tube 5. The lid moving structure M controls the 
height position of the lid 6. 

The above lid 6 is formed in an approximately square plate when viewed in plan 
view so as to correspond to a shape of the opening section of the die 2 as shown in FIG. 2. 
Also, a cross section of an edge section 6a of the lid 6 is formed in an L-shape. Such an 
L-shape section is disposed upwardly. The lid 6 is formed so as to be slightly smaller 
than an area of the opening section on the die 2. A lowest position which is set by the lid 
moving structure M is set to be approximately the same height as that of the upper end 
section 2a of the die 2. Consequently, an interval 14 is formed along an outer periphery 
of the lid 6 between the lid 6 and the upper end section 2a. 

The lid moving structure M has a structure for moving the lid 6 vertically 
relatively to the die 2 according to a flow amount of the inert gas 8 so as to control the 
opening amount which is disposed on an upper part of the die 2. More specifically, the 
lid moving structure M controls the opening amount such that the flowing speed of the 
inert gas 8 which flow from between the die 2 and the lid 6 becomes constant. That is, 
the opening amount in the interval 14 is set to be large when the greater amount of the gas 
flows. Also, the opening amount in the interval is set to be small when smaller amount 
of the gas flows. Therefore, a following relationship is effective as far as the gas flowing 
speed is concerned. 

Flow amount of the gas / area of the opening amount in the interval - gas flowing 
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speed which is exhausted from the interval (constant) 

Next, a method for casing a polycrystalline silicon ingot by the casting apparatus 

■ 

1 according to the present invention is explained with reference to FIGS. 3 A to 4. 

First, a raw material S such as Si is filled in the die 2. As shown in FIG. 3 A, the 
position of the lid 6 is disposed at a highest position by the lid moving structure M such 
that the lid 6 does not contact the upper heater 3. By doing this, it is possible to pour 
greater amount of the raw material S in the die 2 comparing with that the lid 6 is disposed 
at a lowest position. 

Next, the upper heater 3 and the lower heater 4 heat the raw material S which is 
filled in the die 2 so as to melt the raw material S. Simultaneously, the inert gas 8 is 
supplied from an approximate center of the lid 6 to a surface of the molten metal via the 
gas tube G of the gas supplying section G The inert gas 8 flows radially along the 
bottom surface of the lid 6. The inert gas 8 is exhausted from the interval 14. As 
shown in FIG. 4, the inert gas 8 flows from the gas supplying section G relatively slightly. 
Also, as shown in FIG. 3B, the lid 6 is disposed at slightly higher position than the lowest 
position according to the gas flow amount by the lid moving structure M. By doing this, 
it is possible to restrict a contamination which is generated in an initial phase of the 
heating operation and a splashing of the raw material S. In FIG. 4, an upper graph 
indicates a heater control pattern which shows a temperature in the die 2. Also, a lower 
graph indicates a flow amount of the inert gas (Ar gas) and an opening amount in the 
opening amount (opening amount in the interval 14). 

When the temperature reaches at a predetermined temperature by the both heaters, 
the die is heated at the temperature for a certain period. Here, the flow amount of the 
inert gas 8 from the gas supplying section G increases gradually The flow amount of the 
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inert gas 8 is set at a predetermined flowing speed after the flow amount of the inert gas 
reaches at a predetermined flow amount. The position of the lid 6 is moved by the lid 
moving structure M upwardly according to the increase in the flow amount of the inert gas 
8. The opening amount of the interval 14 between the lid 6 and the die 2 is gradually 
increased until the opening amount of the interval 14 reaches a predetermined opening 
amount. After the opening amount in the interval 14 reaches the predetermined opening 
amount, the interval 14 is maintained at a constant opening amount. 

Next, the raw material S is melted so as to be a molten metal 7 completely. 
After that, the lower heater 4 stops heating. The heat in the die 2 is removed from a 
lower portion of the die 2 by the cooling plate 13 while supplying the inert gas 8 until the 
temperature in the die 2 becomes a solidification temperature or lower. Accordingly, the 
molten metal 7 which is contained in the die 2 is solidified gradually such that a bottom 
portion of the molten metal 7 is solidified first. Here, the molten metal 7 is solidified 
while being oriented in a vertical direction; thus, a polycrystalline silicon ingot which has 
a unidirectional organization is generated. Also, the flow amount of the inert gas 8 in a 
first half period of the solidification which is supplied from the gas supplying section G is 
set to be a constant amount which is lower than the flow amount in a melting period for a 
purpose of stable crystal grow. The flow amount of the inert gas 8 in a second half 
period of the solidification which is supplied from the gas supplying section G is 
decreased gradually. Also, the position of the lid 6 descends by the lid moving structure 
M according to the flow amount such that the flowing speed of the inert gas 8 which is 
exhausted from the interval 14 becomes constant By doing this, it is possible to prevent 
the molten metal 7 from splashing in an approximate end of the solidification. 

Finally, after the molten metal 7 is solidified completely, the die 2 is cooled to a 
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temperature at which it is possible to take out the die 2 safely. Here, the flow amount of 
the inert gas 8 is set at a slightest amount. Also, the lid 6 is descended at the lowest 
position such that an area in an opening section in the interval 14 becomes the smallest. 
Consequently, the sufficiently cooled die 2 is taken out; thus, it is possible to obtain a 
polycrystalline silicon ingot which has a unidirectional organization. 

According to the present embodiment, a lid moving structure M for moving the 
lid 6 to the die 2 relatively so as to control the opening amount which is disposed above 
the die 2 is provided. Thus, it is possible to fill the raw material S sufficiently by moving 
the lid 6 so as to set the opening amount largely which is disposed above the die 2. Also, 
the lid 6 is moved according to various casting condition, particularly such as a flow 
amount of the inert gas 8 so as to control the opening amount; thus, it is possible to control 
the flowing speed of the gas at a predetermined speed. Also, it is possible to maintain an 
effect for preventing an impurities contamination in the molten metal regardless of the 
flow amount of the inert gas 8. 

Here, the height of the ingot which is supposed to be manufactured is 
approximately 230 mm according to a conventional method in which a fixed lid is used. 
In contrast, it is possible to manufacture an ingot which has 300 mm height according to 
the present embodiment in which the same die is used as that in the conventional method. 
Also, a density of carbon in the ingot is 5 X 10 /cm according to the conventional method 
in which a fixed lid is used. In contrast, it is possible to reduce a density of carbon in the 
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ingot at a lower density such as 5 X 10 /cm according the present embodiment. 

Next, a second embodiment of the present invention is explained with reference 
to FIG 5, 
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The second embodiment is different from the first embodiment in that the lid 
moving structure M moves a lid 16 horizontally so as to control the opening amount of the 
interval 14 as shown in FIG. 5 according to the second embodiment in contrast to the first 
embodiment in which the lid moving structure M can move the lid 6 vertically. That is, 
according to the present embodiment, the lid moving structure M moves the lid 16 to a 
left-hand direction in the drawing so as to enlarge the interval 14. Also, the lid 16 is 
moved a right-hand direction in the drawing so as to narrow the interval 14. 

Next, a third embodiment of the present invention is explained with reference to 
FIGS. 6Aand6B. 

The third embodiment is different from the second embodiment in that the lid 
moving structure M moves a lid 26 rotatively around the gas tube 5 so as to control the 
opening amount of the interval 14 to the die 2 as shown in FIGS. 6 A and 6B according to 
the third embodiment in contrast to the second embodiment in which the lid moving 
structure M moves the lid 16 horizontally. That is, according to the present embodiment, 
the opening amount in the interval 14 becomes the largest if the lid 26 is rotated form a 
position in which the plan view of the lid 26 coincides to the plan view of the die 2 to a 
position in which the lid 26 is rotated by 90° from the previous position as shown in FIG. 
6 A. In contrast, as shown in FIG. 6B, the opening amount of the interval 14 becomes 
narrower gradually according to the rotating amount of the lid 26 when the lid 26 is 
rotated further. 

Next, a fourth embodiment of the present invention is explained with reference to 
FIGS. 7 to 8C 
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The fourth embodiment is different from the third embodiment in that a lid 36 
which has a double-wall structure formed by a movable upper plate 36A and a fixed lower 
plate 36B is disposed according to the fourth embodiment as shown in FIGS. 7 to 8C so as 
to control the opening amount of the opening amount above a die 32 by rotating not the 
fixed lower plate 36B but only the movable upper plate 36A which has a plurality of 
ventilating holes 36a in contrast to the third embodiment in which the lid 16 having 
one-piece structure is rotated so as to control the opening amount of the interval 14. 
Here, in the present embodiment, a die 32 has a circular horizontal cross section. 

That is, according to the present embodiment, as shown in FIG. 7, the fixed lower 
plate 36B is supported on the die 32 by a supporting member 37 separately from the gas 
tube 5. Also, the movable upper plate 36a is fixed to the gas tube 5 so as to be rotated 
together with the gas tube 5 by the lid moving structure M. For example, as shown in 
FIG. 8 A, the movable upper plate 36A is rotated by the lid moving structure M so as to 
shift the ventilating holes 36a on the movable upper plate 36A from the ventilating holes 
36a on the fixed lower plate 36B. Thus, if the ventilating holes 36a are closed, the 
opening amount of the opening section above the die 32 becomes minimum. Also, as 
shown in FIGS. 7 and 8B, the movable upper. plate 36A is rotated by the lid moving 
structure M so as to completely coincide the ventilating holes 36a on the movable upper 
plate 36A and the ventilating holes 36a on the fixed lower plate 36B. Thus, the opening 
amount of the opening section above the die 32 becomes maximum. Also, as shown in 
FIG 8C, the movable upper plate 36A is rotated by the lid moving structure M such that 
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approximately a half portion of the ventilating holes 36a on the movable upper plate 36A 
overlap the ventilating holes 36a on the fixed lower plate 36B, the opening amount of the 
opening section above the die 32 becomes an intermediate approximately between the 
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above two cases. 

By doing this, it is possible to control the opening amount of the opening section 
above the die 32 desirably by the lid moving structure M according to the second to fourth 
embodiments. Therefore, it is possible to realize a desirable opening amount in each 
process in the casting operation; thus, it is possible to perform a desirable casting 
operation. 

Here, it is should be understood that the scope of the present invention is not 
limited to the above embodiments and that various changes and modifications may be 
made thereto without departing from the spirit and scope of the invention as defined in the 
appended claims. 

For example, according to the first embodiment, the lid and the gas tube are fixed 
together and moved together vertically. More importantly, it is acceptable if the gas tube 
is fixed and the lid moves vertically independently from the gas tube. In such a case, 
there is an advantage in that the gas ejection position remains the same because a lower 
end section of the gas tube does not move vertically. 

Also, the lid is made of SiC member in each embodiment. More importantly, it 
is acceptable if the lid is made of a raw material which is non-reactive with other silicon 
oxide gas or a silicide. Also, the overall lid is made of a SiC in the above embodiment. 
However, more importantly, it is acceptable if only a bottom surface of the lid is made of a 
member which is inert to other silicon oxide gas or a silicide. For example, it is 
acceptable if a bottom surface of the carbon lid is coated by an SiC layer. 



